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Abstract 


Defence  Research  Establishment  Suffield  (DRES)  is  actively  involved  in  the  development  and 
evaluation  of  new  analytical  methods  for  the  detection  and  identification  of  chemical  warfare 
agents,  their  degradation  products  and  related  compounds.  These  methods  are  used  for  the 
analysis  of  samples  collected  in  support  of  the  Canadian  Forces  and  have  application  in  arms 
control  verification.  DRES  analytical  methods  are  published  regularly  in  the  open  literature 
along  with  the  methods  developed  by  others  involved  in  chemical  warfare  agent  sample 
preparation  and  analysis.  DRES  retains  printed  copies  of  all  publications  in  the  database  and 
regularly  updates  the  bibliographic  information  from  these  papers  into  Procite,  a  computer 
searchable  bibliographic  database  program.  The  DRES  Chemical  Warfare  Agent  Literature 
Database  of  Analytical  Methods  contains  bibliographic  information  for  more  than  260 
publications,  and  is  available  on  request  in  hardcopy  form  or  as  a  Procite,  Word  or 
Wordperfect  file. 


Resume 


Le  Centre  de  recherches  pour  la  defense  Suffield  (CRDS)  s’occupe  activement  du 
developpement  et  de  revaluation  de  nouvelles  methodes  analytiques  de  detection  et 
d’identification  d’agents  de  guerre  chimique,  des  produits  de  degradation  de  ces  demiers  et 
des  composes  connexes.  Ces  methodes  sont  utilisees  pour  analyser  des  echantillons  recueillis 
a  l’appui  des  Forces  canadiennes  et  s’averent  egalement  utiles  a  la  verification  du  controle  des 
armements.  Les  methodes  analytiques  du  CRDS  sont  publiees  regulierement  dans  des 
ouvrages  accessibles  a  tous  au  meme  titre  que  les  methodes  elaborees  par  d’autres  chercheurs 
qui  travaillent  a  la  preparation  et  a  Paralyse  d’echantillons  d’agents  de  guerre  chimique.  Le 
CRDS  conserve  des  exemplaires  de  toutes  les  publications  et  saisit  regulierement  les  demieres 
informations  bibliographiques  tirees  de  ces  documents  dans  une  base  de  donnees 
bibliographiques  consultable  appelee  Procite.  La  base  de  donnees  du  CRDS  sur  les  documents 
relatifs  aux  methodes  analytiques  d’agents  de  guerre  chimique  contient  des  informations 
bibliographiques  tirees  de  260  publications.  On  peut,  sur  demande,  obtenir  une  copie  de  toutes 
les  informations  sur  copie  papier  ou  en  fichier  Procite,  Word  ou  WordPerfect. 


DRES  SSP  2001-014 


1 


This  page  intentionally  left  blank. 


DRES  SSP  2001-014 


Executive  summary 


Introduction:  The  Canadian  Forces  may  be  called  on  to  perform  peacekeeping  or  battlefield 
operations  in  regions  of  the  world  where  there  is  a  significant  threat  of  chemical  warfare  agent 
use.  To  operate  effectively  in  these  theatres  the  Canadian  Forces  must  be  able  to  identify  the 
chemical  warfare  agent  used.  Analytical  methods  have  been  developed  for  the  identification 
of  chemical  warfare  agents  and  Defence  Research  Establishment  Suffield  is  currently 
investigating  new  approaches  in  fulfilment  of  future  Canadian  Forces  detection  and 
identification  requirements. 

Results:  Defence  Research  Establishment  Suffield  has  developed  sample  handling  and 
analysis  methods  for  the  identification  of  chemical  warfare  agents,  their  degradation  products 
and  related  compounds.  These  methods  have  been  used  for  the  analysis  of  samples  collected 
by  the  Canadian  Forces  and  have  application  in  arms  control  verification.  DRES  analytical 
methods  have  been  published  regularly  in  the  open  literature  along  with  the  methods 
developed  by  others  involved  in  chemical  warfare  agent  sample  preparation  and  analysis. 
DRES  retains  printed  copies  of  these  papers  in  a  database  and  regularly  updates  the 
bibliographic  information  from  these  papers  into  Procite,  a  computer  searchable  bibliographic 
database  program.  The  DRES  Chemical  Warfare  Agent  Literature  Database  of  Analytical 
Methods  now  contains  nearly  twice  as  many  entries  as  a  prior  publication  and  this  update 
contains  bibliographic  information  for  the  complete  database. 

Significance:  The  Canadian  Forces  may  be  deployed  in  regions  of  the  world  where  there  is  a 
significant  threat  of  chemical  warfare  agent  use.  Identification  of  the  chemical  warfare  agent 
is  important  since  the  results  of  such  analyses  would  contribute  to  the  development  of 
strategic  and  political  positions  regarding  future  Canadian  military  operations  and  would 
facilitate  the  dissemination  of  technical  advice  to  in-theatre  field  commanders  and  medical 
personnel. 

Future  Plans:  The  DRES  Chemical  Warfare  Agent  Literature  Database  of  Analytical 
Methods  will  continue  to  be  updated  on  a  regular  basis.  Use  of  the  analytical  methods  is 
anticipated  during  future  analyses  in  support  of  the  Canadian  Forces  or  in  support  of  arms 
control  verification.  The  complete  database  is  available  on  request  in  hardcopy  form  or  as  a 
Procite,  Word  or  Wordperfect  file. 


D’Agostino,  P.A.,  Hancock,  J.R.  and  Provost,  L.R.,  2001.  DRES  Chemical  Warfare 
Agent  Literature  Database  of  Analytical  Methods.  DRES  SSP  2001-014. 

Defence  Research  Establishment  Suffield. 


iii 


DRES  SSP  2001-014 


Sommaire 


Introduction  :  Les  Forces  canadiennes  sont  susceptibles  d’etre  appelees  a  effectuer  des 
operations  de  maintien  de  la  paix  ou  de  champ  de  bataille  dans  des  regions  du  monde  oil  des 
menaces  non  negligeables  d’utilisation  d’agents  de  guerre  chimique  existent.  Afin  de  bien 
mener  les  operations  dans  ces  theatres,  les  Forces  canadiennes  doivent  etre  capables 
d’identifier  les  agents  de  guerre  chimiques  utilises.  Des  methodes  analytiques  servant  a 
identifier  les  agents  de  guerre  chimiques  existent,  et  le  Centre  de  recherches  pour  la  defense 
Suffield  est  a  chercher  d’autres  approches  repondant  aux  besoins  futurs  des  Forces 
canadiennes  en  matiere  de  detection  et  d’ identification. 

Resultats  :  Le  Centre  de  recherches  pour  la  defense  Suffield  a  cree  des  methodes  de 
prelevement,  de  transport  et  d’analyse  d’echantillon  en  vue  de  1’ identification  d’agents  de 
guerre  chimique,  des  produits  de  degradation  de  ces  demiers  et  des  composants  connexes.  Ces 
methodes  ont  servi  a  l’analyse  d’echantillons  recueillis  a  l’appui  des  Forces  canadiennes  et 
elles  s’averent  utiles  a  la  verification  du  controle  des  armements.  Les  methodes  analytiques  du 
CRDS  ont  ete  publiees  regulierement  dans  des  ouvrages  accessibles  a  tous  au  meme  titre  que 
les  methodes  inventees  par  d’autres  chercheurs  travaillant  a  la  preparation  et  a  l’analyse 
d’echantillons  d’agents  de  guerre  chimique.  Le  CRDS  conserve  des  exemplaires  de  ces 
ouvrages  et  saisit  regulierement  les  nouvelles  informations  bibliographiques  tirees  des  ces 
documents  dans  une  base  de  donnees  bibliographiques  consultable  appelee  Procite.  La  base  de 
donnees  du  CRDS  sur  les  documents  relatifs  aux  methodes  analytiques  d’agents  de  guerre 
chimique  contient  actuellement  deux  fois  plus  d’entrees  qu’une  publication  anterieure,  et  la 
presente  mise  a  jour  met  en  cause  des  informations  bibliographiques  pour  toute  la  base  de 
donnees. 

Signification  :  Les  Forces  canadiennes  peuvent  etre  deployees  dans  des  regions  du  monde  oil 
des  menaces  non  negligeables  d’utilisation  d’agents  de  guerre  chimique  existent.  II  est 
important  d’identifier  les  agents  de  guerre  chimique  puisque  les  resultats  des  analyses,  d’une 
part,  aideraient  a  l’adoption  d’une  position  et  strategique  et  politique  vis-a-vis  des  futures 
operations  militaires  canadiennes  et,  d’autre  part,  faciliteraient  la  circulation  de  conseils 
techniques  parmi  les  commandants  d’unite  et  le  personnel  medical  dans  le  theatre. 


Futurs  plans  :  On  continuera  de  mettre  a  jour,  de  fa?on  reguliere,  la  base  de  donnees  du 
CRDS  sur  les  documents  relatifs  aux  methodes  analytiques  d’agents  de  guerre  chimique.  On 
prevoit  que  les  methodes  analytiques  seront  utilisees  lors  des  futures  analyses  effectuees  a 
l’appui  des  Forces  canadiennes  ou  a  l’appui  de  la  verification  du  controle  des  armements.  On 
peut  obtenir,  sur  demande,  une  copie  de  la  base  de  donnees  complete,  sur  papier  ou  en  fichier 
Procite,  Word  ou  WordPerfect. 


D’Agostino,  P.A.,  Hancock,  J.R.  and  Provost,  L.R.,  2001.  DRES  Chemical  Warfare 
Agent  Literature  Database  of  Analytical  Methods.  DRES  SSP  2001-014. 
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Introduction 


The  Canadian  Forces  may  be  called  on  to  perform  peacekeeping  or  battlefield  operations  in 
regions  of  the  world  where  there  is  a  significant  threat  of  chemical  warfare  agent  use.  To 
operate  effectively  in  these  theatres  the  Canadian  Forces  must  be  able  to  identify  the  chemical 
warfare  agent(s)  being  used.  Development  of  instrumental  analytical  methods  for  the 
identification  and  confirmation  of  these  compounds  is  an  important  CF  requirement  that  is 
being  actively  addressed  by  Defence  Research  Establishment  Suffield  (DRES)  analytical 
researchers.  Mass  spectrometry  and  gas  and  liquid  chromatography,  core  capability  areas  in 
the  analytical  sciences  at  DRES,  form  the  basis  for  current  analytical  methods  for  the 
identification  and  confirmation  of  chemical  warfare  agents.  In-house  methods  have  been 
validated  during  NATO  and  United  Nations  analytical  exercises  with  improvement  continuing 
through  the  exploitation  of  new  analytical  technologies,  including  packed  capillary  liquid 
chromatography  and  electrospray  mass  spectrometry. 

DRES  analytical  methods  have  been  published  regularly  in  the  open  literature  along  with  the 
methods  developed  by  others  for  agent  sample  preparation  and  analysis.  Printed  copies  of 
these  papers  have  been  archived  in  a  database  and  DRES  regularly  updates  the  bibliographic 
information  from  these  papers  into  Procite,  a  computer  searchable  bibliographic  database 
program.  Update  of  the  database  continues  as  an  ongoing  effort  and  the  The  DRES  Chemical 
Warfare  Agent  Literature  Database  of  Analytical  Methods  contains  more  than  260  entries  and 
is  available  on  request  in  hardcopy  form  or  as  a  softcopy  Procite,  Word  or  Wordperfect  file. 
A  listings  of  the  entries  follows. 
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1.  Albaret  C,  Loeillet  D,  Auge  P,  Fortier  P-L.  Application  of  two  dimensional  1H-31P 

inverse  NMR  spectroscopy  to  the  detection  of  trace  amounts  of 
organophosphorus  compounds  related  to  the  Chemical  Weapons  Convention  . 
Anal.  Chem.  69.  1997:2694-700. 

2.  Albro  PW,  Fishbein  L.  Gas  chromatography  of  sulfur  mustard  and  its  analogues.  J. 

Chromatogr.  46.  1970:202-3. 

3.  Alfthan  K,  Kenttamaa  H,  Zukale  T.  Characterization  and  semi  quantitative  estimation 

of  organophosphorus  compounds  based  on  inhibition  of  cholinesterases. 

Anal.  Chim.  Acta.  217.  1989:43-51. 

4.  Ali-Mattila  E,  Siivinen  K,  Kenttamaa  H,  Savolahti  P.  Mass  spectrometric  methods  in 
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1983:371-4. 

5.  Andersson  G.  Analysis  of  two  chemical  weapons  samples  from  the  Iran/Iraq  war. 
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6.  Appier  B,  Christmann  K.  Detection  of  b,b'-dichloroethyl  sulfide  on  thin-layer 

chromatograms.  J.  Chromatogr.  264.  1983:445-52. 

7.  Asbury  GR,  Wu  C,  Siems  WF,  Hill  Jr.  HH.  Separation  and  identification  of  some 

chemical  warfare  degradation  products  using  electrospray  high  resolution  ion 
mobility  spectrometry  with  mass  selected  detection.  Anal.  Chim.  Acta.  404. 
2000:273-83. 

8.  Avdovich  HW,  By  A,  Ethier  JC,  Neville  GA.  Spectral  identification  of  a 

lachrymatory  exhibit  as  CS.  J.  Can.  Soc.  Forens.  Sci.  14.1981:172-8. 

9.  Barcelo  D.  Application  of  thermospray  liquid  chromatography/mass  spectrometry  for 

determination  of  organophosphorus  pesticides  and  trialkyl  and  triaryl 
phosphates.  Biomed.  Environ.  Mass  Spectrom.  17.1988:363-9. 

10.  Barcelo  D,  Albaiges  J.  Characterization  of  organophosphorus  compounds  and 

phenylurea  herbicides  by  positive  and  negative  ion  thermospray  liquid 
chromatography-mass  spectrometry.  J.  Chromatogr.  474.1989:163-73. 

11.  Beck  O,  Holmstedt  B,  Lundin  J,  Lundgren  G,  Santesson  J.  Quantitation  of  free  soman 

in  nervous  tissue  and  blood:  A  preliminary  communication.  Fundamental  & 
Applied  Toxicology.  1.  1981:148-53. 
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Spectrom.  Ion  Proc.  165/166.  1997:533-50. 

13.  Benschop  HP,  Bijleveld  EC,  Otto  MF,  Degenhardt  CEAM,  Van  Helden  HPM,  De 

Jong  LPA.  Stabilization  and  gas  chromatographic  analysis  of  the  four 
stereoisomers  of  1 ,2,2-trimethylpropyl  methylphosphonofluoridate  (soman) 
in  rat  blood.  Anal.  Biochem.  151.1985:242-53. 

14.  Benschop  HP,  De  Jong  LPA.  Nerve  agent  stereoisomers:  Analysis,  isolation,  and 

toxicology.  Acc.  Chem.  Res.  21.1988:368-74. 

15.  Benschop  HP,  van  der  Schans  GP,  Noort  D,  Fidder  A,  Mars-Groenendijk  RH,  de  Jong 

LPA.  Verification  of  exposure  to  sulfur  mustard  in  two  casualties  of  the  Iran- 
Iraq  conflict.  J.  Anal.  Toxicology.  21.1997:249-51. 

16.  Bhattacharya  A,  Tripathi  DN.  Field  desorption  mass  spectra  of  pyridinium  oxime 

salts  with  rapid  heated  emitter.  Anal.  Chem.  56.  1984:2295-7. 

17.  Black  RM.  Tandem  mass  spectrometry:  Applications  in  the  trace  analysis  of  chemical 

warfare  agents.  J.  Defence  Sci.  1.1996:219-26. 

1 8 .  Black  RM,  Brewster  K,  Clarke  RJ,  Harrison  JM.  The  chemistry  of  1 , 1  '-thiobis(2- 

chloroethane)  (sulphur  mustard)  Part  II.  The  synthesis  of  some  conjugates 
with  cysteine,  n-acetylcysteine  and  n-acetylcysteine  methyl  ester  . 

Phosphorus,  Sulfur  and  Silicon.  71.  1992:49-58. 

19.  Black  RM,  Brewster  K,  Harrison  JM,  Stansfield  N.  The  chemistry  of  1 , 1  '-thiobis(2- 
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20.  Black  RM,  Clarke  RJ,  Cooper  DB,  Read  RW,  Utley  D.  Application  of  head  space 

analysis,  solvent  extraction,  termal  desorption  and  gas  chromatography-mass 
spectrometry  to  the  analysis  of  chemical  warfare  samples  containing  sulphur 
mustard  and  related  compounds.  J.  Chromatogr.  637.1993:71-80. 

21 .  Black  RM,  Clarke  RJ,  Harrison  JM,  Read  RW.  Biological  fate  of  sulphur  mustard: 

Identification  of  valine  and  histidine  adducts  in  haemoglobin  from  casualties 
of  sulphur  mustard  poisoning.  Xenobiotica.  27.1997:499-512. 

22.  Black  RM,  Clarke  RJ,  Read  RW.  Analysis  of  1 , 1  '-sulphonylbis[2- 

(methylsulphinyl)ethanej  and  1  -methylsulphinyl-2-[2- 
(methylthio)ethylsulphonyl]ethane,  metabolites  of  sulphur  mustard,  in  urine 
using  gas  chromatography-mass  spectrometry  .  J.  Chromatogr.  558. 
1991:405-14. 
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